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MONOCLONAL ANTIBODIES TO PUTATIVE HCV ENVELOPE REGION 
5 AND METHODS FOR USING SAME 

Backtjimund of the Invention 

This invention relates generally to antibodies which ^edf ically bind to hepatitis C virus 
(HCV), and more spedficaily. relates to a panel of novel hybridoma cells Ones which secrete 
1 0 monoclonal anttxKJies to putative HCV envelope regiore. and methods for using these 
monoclonal antibodies. 

Descriptions of hepatitis diseases cau^ng jaundice and ictems have been known to 
man snce antiquay. Viral hepatitis is now known to include a group of viral agents with 
1 5 distinclive viral organization protein structure and mode of r^)llcation. causing hepatitis with 
different degrees of severity of hepatic damage through dSferent routes of transmisston. 
Acute viral hepatitis is dinicaliy diagnosed by welkiefined patient symptoms including Jaundice, 
hepatic tenderness and an elevated level of liver trar^aminases such as aspartate transaminase 
and alanine transaminase. 

20 

Serological assays currently are employed to further distinguish between hepatiUs-A 
and hepatiis^. Non-A non-B Hepatffis (NANBH) is a term fbst used in 1975 that desaibed 
cases of post-transfusion hepatitis not caused by either hepatitis A vims or hepatnis B virus. 
Feinstone et al., New Enol. J. Med. 292:454^7 (1975). The diagnosis of NANBH has been 
25 made primarily by means of occlusion on the basis of seiological analysis tor the presence of 
hepatitis A and hepatitis B. NANBH teresponsa)le for about 90% of the cases of post- 
transfusbn hepatitis. HolRnger et aL in N. R. Rose et aL. eds.. Manual of Clinical Immunoioov. 
American Society for Microbiology. Washington, D. C. 558-572 (1986). 

30 Attempts to identSy the NANBH vinis by virtue of genomic sintilarity to one of the 

known hepsMtis vioises have faied thus far. suj^stbig that NANBH vims has a cSstinctive 
genomic organizatton and stnjcture. Fowler et ai.. J. Med. Virol. 12:205-213 (1 983), and 
Weiner et al.. J Med. Virol. 21 239-247 (1987). Progress in developing assays to detect 
atdibodes specific for NANBH has been hampered by difficulties encountered in ictentifying 

35 antigens associated with the vims. Wards et al.. U. S. Patent No. 4,870,076: Wards et al., 
Proft Natl Acad. Sei. 83:6608-6612 ^iQftfty Ohori et al., J Med. Virol. 12:161-178 (1983); 
Bradly et al.. Prr>e. Natl. Acad. Sd. 84:6277-6281 (1987); Akatsuka et aL. J. Med, VirPl. 20:43- 
56 (1986). 
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In May of 1988, a ooIlai3orative effort of Chiron Corporation with the Centers for Disease 
Control resulted in the identffication of a putative NANB agent, hepatitis C vinjs (HCV). M. 
Houghton et al. cioned and expressed in a NANB agent obtavied from the infectious 
plasma of a chimp. Kuo et al., ScifiDCa 244359-361 (1989); Choo et al.. Science 244362-364 
(1989). cDNA (copy DNA) sequences from HCV were identified which encode antigens that 
react immunologically with antbodies present in a majority of the patients clinically cfiagnosed 
with NANBH. Based on the infomiation ava'lable and on the molecular stmcture of HCV, the 
genetic makeup of the virus consists of single stranded linear RNA (positive strand) of 
molecular weight approximately 9.5 kb, and possessing one continuous translattonal open 
reading frame. J. A. Cuthbert. Amer. J. Med. Sd. 299.'346-a55 (1990). It is a small envek>ped 
virus resembling the Flavlviruses. Investigators have made attempts to klentify the NANB agent 
by ultrastmctural changes in hepatocytes in infected indivkiuals. H. Gupta, Liver 8:1 1 1-1 15 
(1988); D.W. Bradlv J. ViroL Methods iQ.-SOy^Sig (1985). Similar ultrastmctural changes in 
hepatocytes as well as PCR amplified HCV RNA sequences have been detected in NANBH 
patients as well as in chimps experimentally infected w3h infectbus HCV plasma. T. Shtmizu et 
al.. Proc. Natl Arad Sft? 87:6441-6444 (1990). 

Considerable serok>gical evkience has been found to implk:ate HCV as the etiologk:al 
agent for post-transfuston NANBH. H. Alter et al.. N. Eng. J. Med. 321:1494-1500 (1989); 
Estaben et aL. The Lancet: Aug. 5294-296 (1989); C. Van Der Poel et aL, The Lancet Aug. 
5297-298 (1989): G. SbolB. J. Med. Virol. 30230-232 (1990); M. Makris et al.. The Lancet 
335:1117-1119 (1990). Although the detection of HCV antibodies eliminates 70 to 80% of 
NANBH infected blood from the blood supply system, the antixxfies apparently are readily 
detected during the chronic state of the disease, while only 60% of the samples from the acute 
25 NANBH stage are HCV antOxxiy positive. H. Alter et al.. New gnq J Med 321 :1994-1500 
(1989). The prolonged interval between exposure to HCV and antibody detection, and the 
lack of adequate infonnatton regarding the profile of immune response to various stmctural and 
non-stnictural proteins raises questions regarding the infectious state of the patient in the 
antibody negative phase during NANBH infection. Therefore, there is a need for the 
30 development of assay systems to identify acute infection to HCV and the presence of HCV. 

Summary of the Invention 

The present invention provides a panel of highly specific and novel monoclonal 
antibocfies that can be emptoyed for the detection of putative HCV envelope regions. The 
35 monoclonal antbodies specifically bind to peptides derived from the putative HCV envelope 
(ENV) gene. The hybridomas which secrete these monoclonal antKxxiies are identified as 
follows: Hybridoma cell line 16*407-209 (A.T.C.C. deposit No. HB 10601, seaeting 
monoclonal antibody 16-407-209). and hybridoma cell line 16^03-174 (A.T.C.C. deposit No. 
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HB 10605, secreting monodonal anttoody 16-803-174). The specificity of these monoclonal 
antibodies enables the advantageous identification of putative HCV envelope region, which 
identification can be useful in differentiation studies as well as in the dtagnods and evaluation of 
HCV (NANB) infections. 

5 

In a preferred assay fomsat, a test sample which may contain HCV antigens is contacted 
with a solid phase to which a poiydonal or a monocionai anti-HCV envelope region antibody or a 
fragment thereof has been bound, to form a mixture. This mixture is incubated for a time and 
under conditions sufficient for antigen^antibody oom^riexes to form. The so^ormed complexes 

10 then are contacted with an indicator reagent oonprislng a monocionai or poiydonal antbody or 
a fragment thereof, specific for the HCV antigen which is attached to a s^iai generating 
compound, to fomi a second mixture. This second mixture is reacted for a time and under 
conditions sufficient to form arttaxxiy/antigen/antbody complexes. The presence of HCV 
antigen is detennined by detecting the measurable signal generated. TTie amount of HCV 

1 5 present in the test sample, thus the amount of HCV antigen captured on the solid phase, is 
proportional to the annount of signal generated. 

Alternatively, an indicator reagent comprising a monoclonal or polyclonal antibody, or 
fragment thereof, spedTic for HCV envelope region and a signal generating compound is 

20 added to a poiydonal or monoclonal anti-HCV antibody or fragment thereof coated on a sofid 
phase and the test sample, to fonn a mixture. This mixture is incubated for a time and under 
conditions sufficienl to form antibody/antigen^antibody complexes. The presence and amount 
of HCV present in the test sample, and thus the amount of HCV antigen captured on the solid 
phase, is detennined by detecting the measurable signal. The amount of HCV present in the 

25 test sample is proportional to the amount of signal generated. 

In another alternate assay f omnat, one or a combination of nrx>re than one nDonodonal 
antibody of the invention can be employed as a competitive probe for the detection of 
antibodies to putative HCV envelope region. For exanple, HCV envelope region proteins, 

30 either alone or in combination, can be coated on a solid phase. A test sample suspected of 
containing antbody to HCV envelope region then is incubated with an indicator reagent 
comprising a signal generating compound and a monoclonal antitxxty of the invention for a time 
and under conditions sufficient to fomn antigen/antibody complexes of either the test sample 
and indicator reagent to the solid phase or the indicator reagent to the solid phase. The 

35 reduction in binding of the ntonodonal antibody to the solid phase can be quantitatively 
measured. A measurable reduction in the signal compared to the signal generated from a 
confinned negative NANBH test sample would indicate the presence of anti-HCV envelope 
antbody in the test sample. 
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In yet another assay fomtat, a test sample is contacted with a solid phase to whic^ HCV 
proteins are atteched and an indicator reagent comprising a monoclonai antbody or fragment 
thereof speciic for HCV attached to a signal generating compound, to fomi a mixture. The 
5 mixture is incubated for a time and under conditions sufficient for antaxxly/antigen complexes 
to fona The presence of anti-HCV anltoody present in the test sample is detemiined by 
detecting the measurable signal generated, and cowpaxing the signal to the measured signal 
generated from a known negative sample. A measurable reduction of signal of the test sample, 
compared to the known negative sample's signal, is indicative of the presence of anti-HCV 
1 0 antibodies. Competitive assays forthe detectton of anti-HCV antibody using antigens free in 
solution also can be perfomied. 

The presence of putative HCV envetope regton can be detected in a tissue sample by 
contacting the tissue sample with an indicator reagent comprising a signal generating 
1 5 compound attached to a monoclonal antibody which specifically binds to HCV envefope region 
or fragment thereof, to fonn a mixture. This mixture is incubated for a time and under oonditfons 
sufficiera for artfigen/antixxJy complex to fonn. The presence of HCV envekjpe regfon 
present in the tissue san^e is detennined by detecting the signal generated. 

20 Also provkled are kits for using the monoctonal embodies of the inventfon. 

Brief D^c^rrintinn nf the Drawinns 

FIG. 1 is a map of the HCV GENOME representing the non-structural (NS) genes and 
the stnicturai genes, core (C) and envetope (E). 

25 

FIGS. 2 to 13 are photographs of Western btots showing the reactivity of the 
monoctonal antibodies of the inventton, where 

lanes 1 to 3 contain monodonal antibodies against HCV 33C protein (6-296-534 in 
lane 1 , 6-914-518 in lane 2 and 6-1 070-1 1 0 in lane 3); 
30 lanes 4-6 contain monoctonal antibodies against HCV CORE (13-975-157 in lane 4, 14- 

153-234 in lane 5 and 14-1350-210 in lane 6); 

lanes 7 and 8 contain monoctonal antSwdies against the putative HCV EMV regfon (16- 
407-209 in lane 7 and 16-803-174 in lane 8); 

lanes 9-10 contain monoctonal antibodies against HCV C-100 (25-1518-105 in lane 9. 
35 28-735-355 in lane 10); 

line 1 1 contains monoclonal antibody against CKS (29-121-236 in lane 11); 
lane 12 contains a nomnai mouse semm control; and 
lane 13 contains a negative control of antibody diluent. 
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FIG. 



FIG. 



2 is an eleciroblot of these monoclonal antbodies run against CKS*CORE; 

3 is an eleciroblot of these nK>noclonal antibodies mn against XPL-CORE; 



5 



FIG. 



FIG. 



FIG. 



4 is an eleciroblot of these monoclonal antatxKlies run against XPL-33C-CORE; 

5 is an eleciroblot of these monoclonal antibodies mn against CKS-33C: 

6 is an electroblot of these monoclonal aniibocfies lun against CKS-asC-BCD; 



RG. 



FIG. 



7 is an electrobtot of these monoclonal antibodies njn against CKS-BCD; 

8 is an electroblot of these monoclonal antbodies run against CKS-B; 
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HG. 



FIG. 



FIG. 



9 is an electroblot of these monoctonal antbodies run against CKS-E; 

10 is an elMtrobiot of these monoctonal antibodies run against CKS; 

11 is an electrobtot d these monoctonal antibodies mn against SOD*100; 



FIG. 12 is an electrobtot of these monoctonal antibodies run against CKS-A'BCD; and 
Ra 13 is an etedrobtot of these monoctonal anttoodies mn against CKS*A*'BCD. 
RG. 14 is the amino Bddi sequence of the putative ENV domain of the HCV genome 
380-436. 

15 

Detailed Description of the Invention 

The present invention provides novel monoctonal antbodies to putative HCV 
envelope regton. methods tor using the monoctonal antibodies, and kits which contain these 
monodonal antibodies. 



The monoctonal antbodies of the present inventton can be emptoyed in vartous assay 
systems to determine the presence, if any, of putative HCV envetope regton proteins in a test 
sample. Fragments of ttiese monoctonal antbodtos provided also may be used. For example, 
in a first assay forniat. a potyctonal or monoctonal anU-HCV envetope regton antbody or 

25 fragment thereof, or a combination of these antibodtos, which has been coated on a solid 
phase, is contacted with a test sample which may contain putative HCV envetope region 
proteins, to form a mixture. This rrnxture is incubated for a time and under condittons suff toient 
to form antigen/amibody complexes. Then, an indicator reagent comprising a monoctonal or a 
polyclonal antbody or a fragment thereof, which specifically binds to the putative HCV 

30 envetope regton, or a combinatton of these antibodies, to which a signal generating compound 
has been attached, is contacted with the antigen/antibody complexes to form a second 
mixture. This second mixture then is incubated for a time and under condittons sufficient to 
form antbody/antigen/antibody complexes. The presence of putative HCV envetope regfon 
present in the test san^e and captured on the solid phase, if any, detennined by detecting 

35 the measurable signal generated by the signal generating compound. The anDount of putative 
HCV envelope regton present in the test sample is proporttonai to the signal generated. 



20 
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Altemafrvely, a polyclonal or monoclonal anthHCV envelope region antibody or 
fragment thereof, or a combinatfon of these antixxlies which is bound to a solid support, the 
test sample and an indicator reagent comprising a monoclonal or polyclonal anttoody or 
fragments thereof, which specifically binds to putative HCV envelope region, or a combination 
5 of these antibodies to which a signal generating compound is attached, are contacted to form a 
mixture. Thfe mixture is incubated for a time and under conditions sufficient to fonn 
antttxxly/antigen/antibody con^lexes. The presence. If any, of putative HCV envelope region 
proteins present in the test sample and captured on the solid phase is determined by detecting 
the measurable signal generated by the signal generating con^nd. The atnom of HCV 
1 0 proteins present in the test sample is proportional to the s^nal generated. 

In another alternate assay format, one or a combination of one or more monoclonal 
antiXKfies of the invention can be employed as a competitive probe for the detection of 
anttoodies to putative HCV envelope region. For example, putative HCV envelope region 

1 5 proteins, either alone or in combination, can be coated on a solid phase. A test sample 

suspected of containing antibody to putative HCV envelope region then is Incubated with an 
indicator reagent comprising a signal generating compound and at least one monoclonal 
anttoody of the invention for a time and under conditions sufficient to form antigen/antibody 
complexes of either the test sample and indicator reagent to the solid phase or the indicator 

20 reagent to the solid phase. The reduction in binding of the monoclonal antibody to the solid 
phase can be quantitatively measured. A measurable reduction in the signal compared to the 
signal generated from a confinned negative NANBH test sample indicates the presence of anti- 
HCV envelope antisody in the test sample. 

25 In yet another detection method, each of the monoclonal antibodies of the present 

invention can be employed in the detection of HCV antigens in fixed tissue sections, as well as 
fixed cells by immunohistochemical analysis. 

In addition, these monoclonal antaDodies can be bound to matrices similar to CNBr- 
30 activated Sepharose and used for the affinity purification of specific HCV protems from cell 
cultures, or biological tissues such as blood and Gver. 

The monoclonal antibodies of the invention can also be used for the generation of 
chimeric antixxlies for therapeutic use, or other similar appfications. 



35 



The monoclonal antibodies or fragments thereof can be provided individually to detect 
putative HCV envelope region. Combinations of the monoclonal antibodies (and fragments 
thereof) provided herein also may be used together as components in a mixture or "cocktaiP of 
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ami-HCV envelope region antibodies with antit)Odes to other HCV regions, each having 
different binding ^Mdficities. Thus, titis cocktail can include both the monoclonal antibodies of 
the Invention which are directed to putative HCV envelope region proteins and other 
monoclonal antibodies to other antigenic delemtinants of the HCV genome. Examples of other 
5 monoclonal antibodies useful for these contemplated cocktails include those to HCV C-100. 
HCV 33C and/or HCV CORE, disclosed in U. S. Serial No. 07/610,175 entitled MONOCLONAL 
AI>mBODIES TO HEPATTTIS C VIRUS AND METHOD FOR USXNG SAME, and also those 
disctosed in Continuation-ln-Part Applicattons of U.S.S.N. 07/610,175 entitled MONOCLONAL 
AI^BODIES TO HCV CORE PROTEINS AND METHODS FOR USING SAME. U. S. Serial No. 
1 0 648.473 and MONOCLONAL ANTIBODIES TO HCV 33C PROTONS AND METHODS FOR 
USING SAME, U.S. Serial No. 648,477, which applications enjoy common ovmersh'4> and are 
incorporated herein by reference 

The polyclonal antibody or fragment thereof which can be used in the assay fonnats 
1 5 shouW specifically bind to putative HCV envetope region or other HCV proteins used in the 
assay, such as HCV C-100 protein, HCV 33C protein or HCV CORE protein. The polyclonal 
antibody used preferably is of mammalian origin; human, goat, rabbit or sheep antl-HCV 
polyctonal antibody can be used. Most preferably, the polyctonai antibody is rabbit polyclonal 
anti-HCV anttoody. The polyctonal antftwdies used in the assays can be used either atone or as 
20 a cocktail of polyctonal antlxtdies. Since the cocktaHs used In the assay fonnats are comprised 
of either monoctonal antibodies or polyclonal antibodies having differertf HCV spedftoity, they 
wouW be useful for diagnosis, evahjatton and possibly for the prognosis of HCV infection, as 
well as for studying HCV protein differentiatton and spedficity. 

25 Test samples which can be tested by the methods of the present Inventton described 

herein include human and animal body fluids such as whole btood. seium, plasma, 
cerebrosfMnal ftuW, urine, bfotogical fluids such as cell culture supematants. fixed tissue 
specimens and fixed cefl specimens. Solid supports are known to those m the art and Include 
the walls of wells of a reaction tray, test tubes, polystyrene beads, magnetic t>eads. 

30 nitrocellutose strips, membranes, micropaiticles such as latex paittoies, and others. 

The indicator reagent comprises a signal generating compound (label) which is capable 
of generating a measurable signal detectable by external means conjugated (attached) to a 
specific binrtng member for HCV. "Specific binding member as used herein means a member 
35 of a specific binding pair. That is, two (fifferent molecules where one of the molecules through 
diemical or physical means specifically binds to the second molecule. In addition to being an 
antibody member of a specific binding pair for HCV. the indicator reagent also can be a member 
of any spedf ic binding pair, Inchjding either hapten-anti-hapten systems such as btotin or anti- 
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bk)tin. avidin or biotin, a cartx>hydrate or a lectin, a complementary nucleotide sequence, an 
effector or a receptor nx)lecule, an enzyme cofactor and an enzyme, an enzyme inhibitor or an 
enzyme, and the Oke. An immunoreactive specific binding member can be an antbody, an 
antigen, or an antaxxiy/antigen complex that is capable of binding either to HCV as in a 
5 sandwich assay, to the capture reagent as in a conrpetitive assay, or to the ancllaiy specific 
binding member as in an indirect assay. 

The various signal generating compounds (labels) contenr^ated include chromogens, 
catalysts such as enzymes, luminescent compounds such as fluorescein and rhodamine, 
1 0 chemikjminescent compounds, radioactive elements, and direct visual labels. Examples of 
enzymes include aBcaRne phosphatase, horseradish peroxidase, beta-gaiactosidase, and the 
Ike. The selectbn erf a particular label is not critical, but it wi be ca 
either by itsetf or in oorqunction with one or wore additional substances. 

15 It is contemplated that the reagent employed for the assay can be provided fn the f orni 

of a kit with one or more containers such as vials or bottles, with each container containing a 
separate reagent such as a monocionai antibody, or a cocktail of monoctonal antibodies, 
emptoyed in the assay. 

Production of recombinant HCV antioens and immtinoflPfis 

Synthetfc peptides corresponding to regions within the putative ENV domain of the 
HCV genome were made by automated peptide synthesizer. The following peptides were 
constructed utilizing standard methods known in the art: 
25 ENV 380-436 

405-436. 

These peptkles are descn*bed in pending United States patent apfOcAim Serial No. 
07/610,180 entitled HEPATITIS C ASSAY, which enjoys comnron ownersh^ and which is 
incorporated herein by reference. FIG. 1 is a map of the HCV genome and the approximate 
30 locations of HCV regions. The amino ackl sequence for the putative ENV domain of the HCV 
genome (p380-436) is shown in FIG. 14. 

Immunization Of Mice 

BAI^c nruce (Charles River Laboratories, Charles River, NY), 6S weeks old, were 
35 initially immunized subcutaneously and intraperitoneally with 50 ^g of the HCV peptkle to the 
putative envetope regfon p380-436, in 100 (il of Freund's complete adjuvant (Difco. Detroit, 
Ml). On day 15, 50 pg of the immunogen was diluted into 100 pi of phosphate buffered saline 
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(PBS). pH 72. and injected intravenously into the tail vein (J. Goding Monoctonai Antibodies: 
Prinniptes and Practice [New Ydk; Academic Press. 1986». Sera titers were not evaluated. 

Fusion 

5 On day 18, mice were sacrificed and splenocytes were fused in a 1 :1 ratio with tfie 

SP2/0 myeloma line accoiding to loiown conventional metliods [G. Kbfiler and C. Milstein, 
Nature 256:495-497; J. Goding, smsH- The cell fusion pellet was dispersed with 1 ml 
50% polyethylene glycol (PEG) (American Type Culture Collection. MW 1450) and centrifuged 
in Isoove-s ModiTied Dubecco's Medium (IMDM) (Gbco. Grand Island. NY). The cells were 

1 0 resuspended in HAT (hypoxanthine-aminopterin4hymidine)-selectlve IMDM wUh 1 0% fetal 
bovine serum (FBS) (Hyclone Laboratories, Logan. UT) and plated at 3 x 105 cells per 96^ell 
tissue culture plates. Growth promoters included in the HAT media were 03% STM {RIBI 
Immunochem Research. Inc.. Hamilton. M7) and 1% Origen Hybridoma Cloning Factor (Igen. 
Rockvilie, IWID). Growth medium was replaced in culture wells post-fusion on day 5 and 7 using 

1 5 HT (hypoxantttine-thymidine) supplemented IMDM with 1 0% FBS. 

PnTwnfl Immunoasfiav lElA) 

Culture supemates were El A screened 10 days post-fusion against the Immunizing 
antigen to detect hybrids seaeting HCV specific antibody and a non-specific protein to 

20 eliminate any false positives (Langone & Van Vunakis. eds.. MBthOdS in Enzvmoloqy. 92:1 68- 
174. Academic Press [1983]). Polystyrene 96-well microtiter plates were coated overnight at 
room ten^wrature with 50 |il perwell of a 1 pg/ml of HCV peptide a^. 380-436 In PBS. Any 
remaining binding sites on the polystyrene wells were blocked with 3% bovine senim albumin 
(BSA) (Inteigen. Purchase. tW) in PBS for 30 minutes at room temperature. Plates were 

25 washed three times with distilled water. Fifty microliters of hybridoma tissue culture 

supematams were incubated for 1 hour at room temperature in the wells, and the wells were 
washed three times with distilled water. Antibody binding to antigen was detected using goat 
anti-mouse IgG+M-horseradish peroxidase (HRPO) (Kirkegaaid-Peny Laboratories [KPL]. 
Galthersburg. MD) diluted at a concentration of 1 :1000 in the btock solution and incubated 30 

30 minutes at room temperature. The plates vwe washed with di^illed water and o- 

phenylenediamine substrate (OPD; Abbott Laboratories. Abbott Park. IL) was used as the 
chromogen. Plates were read at 492 nnt Hybrid cultures vrere regarded as potential HCV 
antibody-positive when the optical density (OD) was 3 times the negative control (NO) and 
signHicant preferential to the HCV antigen plate was observed compared to antibody binding of 

35 the irrelevant antigen coated plate, ie: >0.2 OD difference and <0.2 OD signal on the latter. 
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Western Blot 

Hybrid antbody specif fcity was confirmed with Western blot analysis (Towbin & Gordon. 
J. Immunol. Mettwts 22.^13-340 [1984]). HCV recombinant proteins and irrelevant proteins 
were electrophoresed by sodium dodecyl sulfateiX)lyacrylamide gel electrophoresis (SDS- 
5 PAGE) and then transfenred to nitrocellulose, according to the manufacturer^ instnictions 
(Schleicher & Schuell, Keene, NH; Bio-Rad, Richmond. CA). The nitrocelhilose shps were 
blocked wSh 1% bovine hemoglobin (Sigma Chemical Co., St Louis. MO) and 0.5% Tween-20 
(Fisher Sctenlif ic, Pittsburgh, PA^ in PBS for 30 minutes at room temperature, then the strps 
were incubated with hytxid tissue culture supernatant. The straps were then washed in PBS 
1 0 and goat anti-mouse IgG+M-HRPO (KPL) added for 30 minutes. Araiwdy binding to the HCV 
antigen was visualized with 4-chloro-1-naphthoI (Signra) as the chromogenic substrate. Hybrid 
cultures were cloned and placed in cryostorage if HCV antiwdy specificity was demonstrated. 

Estabfighment nf filnnpc 
5 HCV specific hybrids were cloned by limSIng dilution (Goding, Monoclonal AntlboriteR- 

PrinciPteS and Practtegf;, 2nd ed, Academic Press, New York [1986]). Modifications included 
plating of the cultures in tog^o dftrtion series and selecting positive ctones for expansion from 
plates whfch exhbited <20% growrth per 96 well tissue culture plate. Culture supemates were 
tested after 10 d^s using the EIA and Western blot procedures descrftwd above. The 
20 selected ctones were expanded for further evaluatkm and cryostored in 80% IMDM with 10% 
FBS (Hyctone) and 10% DMSO (Sigma). 

Monoctonal Antibody isntvpp 

Monodonal antibody isotype was detemiined writh the SBA Ctonotyping System III kit 

25 (Southern Btotechnology Assoaates, Inc., Bimiingham, AL) with modificalfons. EIA 9&well 
mksotiter plates were coated ovemight at room temperature wHh 1 00 fil/well of a 1 :1 000 
dttJtfen of goat antf-mouse IgG+M (H+L) (KPL). Plates were blocked for 30 minutes wfth 3% 
BSA In PBS and washed with water. Culture samples were added to the wells, incubated for i 
hour, and washed with water. The kiTs goat anti-mouse subtype specific conjugates were 

30 added for a 30 minute inci*ation period. Fblkwnng a water %rash, colorwas identried with OPD 
substrate. The goat ami-mouse isotype speciffc conjugate that bound to the mouse 
immunogtobin and displayed a >0.1 OD at 492 nm signaled the subtype. 

Monoclonal Antihnriv Production 
35 Ctones selected for further evaluatton were scaled up in tissue cutture T-f tasks and 1 0^ 

cells were injected into the peritoneal cavity of pre-pristaned BALB/c rrace (Charles River 
Bfotechnteal Senrtces. Inc.. Wilmington, MA) (see Hurrell. supra). The resulting ascites ftold was 
hanrested 7-1 D days after injectton. centrifuged. and stored at -20OC. Hie IgQ antbody was 
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affinity purified on Protein A (Pharmada-LKB Biotechnoiogies. Piscataway. NJ) utilizing the 
automated ORGS purification system Model 100 (see Coding, supra, for basic principles). The 
IgM antibodies were purified Iv molecular sizing ion a S-300 coluim (Phannacia-LXB). 

5 All the following characterization information was performed with purified monoclonal antibody. 

jgnelPrtrift Focusing f lER 

A cell line quality control to ensure consistency of frozen lots included measuring the 
antibody pi point on an lEF gel apparatus (Bio-Rad) which separates proteins based on net 

10 charge. Briefly, a bis-aoylamideHiboflavin solution was applied to an aciylamlde gel, expo 
to fhjorescent lighting for 1 hour, then stored ovemighl at A^. A 1 Mg sample of monoclonai 
antibody and standards were overtayed on the gel and etectrophmesed over a 1 -2 hour period. 
Following a series of fixatives and washes, the gel was silver stained (Blo-Rad). The pi value of 
the monoclonal antibody was calculated by migratoiy distance through the gel and was directly 

1 5 corrpared to the protein standards* migratory distance of known pi values. The distinctive 
finger print banding pattern reflected the pi microheterogeneity between independently 
produced lots of antibody (Hamilton, R.G.. Reimer, C.B., Rodkey, LS. (1987) Quality control of 
imirine monoctonal arrtibodles using isoelectric focusing affinity immunobtot analysis. 
Hybridoma 6:205-217^. 

20 

p|i^ and Wftstftm Riot SpflrifirHv nf Mnnr>donal Antibodies 

All monoctonal antax>dies noted herein were screened on an assortment of available 
recombinant HCV antigens as disctosed in U. S. Patent Application Serial isto. 07/572,822 
entitled HEPATmS C ASSAY UTILIZING RECOMBINANT PROTEINS, which enjoys common 
25 ownership and is incorporated herein by reference. The procedures were as outlined above. 
The multiple antigen screening technique confinned the HCV specificity and excluded the 
HCV non-specific CKS, XPL, or fir*er-ann reactivity of the monoctonal antibodies. 

FIA Fn-itftfifl Cnmnfitition Studies 

30 To investigate specif idty and antigen binding distinctions, epitope grouping 

experiments were performed utilizing btotin labeled and unlabeled monoctonal antibodies 
(Langone & Van Vunakis, i^Athnrig in FnTvmoionv. 22242-253. Academic Press tl983]). 
Briefly, the antibodies were labeled with NHS-LC-btotin (Pierce Chemical Co.. Rockford, IL) 
according to the manufacturer's instmctions. Microtiler wells were coated with the immunogen 

35 as previously described. First, loga dilutfons of the unlabeled antibody were pre-incubated in 
the wells for 15 minutes, foltowed by the addition of a fixed amount of btotinytated antibody (the 
dihJtton in a direct EIA of the bfetinylated antibody atone vtrhich gave a value of 50% of the 
maximum absorfaance value) and incubated for 20 minutes. Plates were washed three times 
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wffli water. Diluted streptavidin-HRPO (Zymed. South San Francisco, CA) was added to the 
wells and inculKrted for 30 minutes. The plates were washed again and OPD color developed 
as previously described. The absorbance was read at 492 nm. Antibodies of the same or 
related epSope had signal blocked or inhibited by >50%. No Inhibition was observe with 
5 antS)odies of distinct specificity. This was perfonnedrecipiocally for antbodies produced with 
the ENV regions. 

Peotidp InhihHinn Acc^yf; 

Synthetic p^>tides were synthesized as previously described for HCV amino acid 
1 0 sequences 385-436 and 405-436. These peptides were enployed in competition assays 
acconcfing to the procecftjre previously descrtoed by substituting serial dilutions of the peptides 
in place of the unlabeled antfcody. Fifty microfiters of labeled anttoody (50%maximun 
absorbance value) was pre-incubated with the peptides for 15 minutes in a separate 96-well 
tissue culture dish. Next, 50 ul of the peptide arxl labeled monodonai anttoody mixture was 
1 5 added to the previously blocked antigen coated EIA plate and incubated for 20 minutes. 

StreptavWin-HRPO goat anti-mouse conjugated (Zymed) was emptoyed to dectect the immune 
complexes lonned. 



RIA RficmmMl r^mpatHY^ 

20 Beads coated with the appn^ate antigen or p^ide were incubated with 1 00 »il of 

unlabeled monoctonal antDody diluted Into recaldfled negative human plasma (NHP, testing 
negative for anti-HCV, anti-HIV and HBsAg) at monoctonal arflflxHJy concentrations of 1-20 
Mg/ml. 1 00 Ml of radnlabeled antibody at 1 to 4 fiCi^nH diluted into HTLV I kH specimen diluent 
(containing detergent, animal sera, buffer, available from Abbott Laboratories, Abbott Park, IL) 

25 was Incubated with the bead for 2 hours at 45<* or 18-20 hours at 20-25OC. Beads were 
washed and ccunted for racfioactivity. 

HCVAntiqAnAgsaYff 

Beads coated witti one or a cocktail of anti-HCV monoctonal antibodies were incubated 
30 with 200 111 of specimen for 2 hours at 40-450C or 18-20 hours at 20-25OC. Beads were 

washed with distilled water and then incubated with 200 iii of radblabeled anti-HCV monoctonal 
antibody (one or more) for 2 hours at 45^0. Beads were washed and counted in a gamma 
counter. 

35 Characterization of monnrlona! antibody 

Monoclonal antibodies against the HCV ENV domain (380-436) AND (405-436) are 
characterized in Tables 1 and 2. Referring to FIGS. 2 to 13, the reactivities summarized betow in 
Table 1 are shown in lanes 7 and 8. Lanesi to 3 contains monoctonal antibodies agamst HCV 
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33C pioteh (6-296^ in iane 1 . 6-914-518 in lane 2 and 6-1070-1 10 in lane 3); lanes 4-6 
contain monoclonal antasocfies against HCV CORE (13-975-157 in lane A. 14-153-234 in lane 5 
and 14-1350*210 in lane 6); lanes 7 and 8 contain monoclonal antibodies against the putative 
HCV ENV region (16^07-209 in lane 7 and 16^03-174 in lane 8); lanes 9-1 1 contain 
monoclonal antibodies against HCV C-100 (25-1518-105 in lane 9, 28-735-355 in lane 10: 
CKS control monoclonal antSxxiy 29-121-236 in lane 11); lane 12 contains a normal mouse 
senim control; and lane 13 contains a negative control. 

TABLE 1 
Reactivity on Western Blot 



CeDLine CKS- XPL- XPL- CKS- CKS- CKS- CKS- CKS- CKS- SOD CKS- CKS- 

oore core c33- C33 C33- BCD BE 100 ABCD A'BCD 

15 axe BCD 

16-407-209 - ' '- - ^ '- '- '- - '- '• '- 

16-803-174 



20 TABLE 2. 

Reactivity on EiA 

XPL 

33c- CKS- 

25 Ginm#CetUne pi Iso tyne ENV38(Mafi FMV40&436 2312- 

1 16-407-209 7.0 lgG3k + + - - 

2 16-803-174 IgMk * 

The following examples demonstrate the advantages and uttfity of this invention tor 
30 serodiagnosis of HCV by describing methods for the clinical utility of these monoclonal 

antaxKlies. These examples are meant to Uustiate, but not to limit, the spirit and scope of the 
invention. 

EXAMPLES 

35 Example 1 

Anti-Hnv ENV Competitive Assav 

Ten (1 0) specimens from blood bank donors with elevated alanine aminotransferase 
(ALT) were tested in a competitive one-step assay described hereinabove for 'RIA Reciprocal 
Competition* for the detection of anti-HCV ENV. The data are presented in Table 3. Ref ening 
40 to T^ 3, if >25% inhS)ition is considered reactive in this assay, then one of ten human test 
samples with elevated ALT was reactive for anti-HCV ENV. 
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TABLES 
AnthENV Immunoassay 
5 Bead: 380 peptide (p380-436) 



Specimen Label: is-q!^ LahBi ifi^n? 



10 



15 



20 



25 



30 



35 



NC 


CPM AVG SA>J Resut 
1535 1621 
1779 
1550 


CPM 
1032 
977 
1036 


AVG sn4 
1015 


%lnhb Res 


27 


2862 2571 159 -58.605799 
2280 


1079 
1192 


1136 


1.12 


-11.8719 - 


238 


1295 1295 0.75 24.9228871 -i. 
1139 


767 
828 


798 


0.79 


21.42857 + 


135 


1606 2054 1.27 -26.711906 
2502 


869 
834 


852 


0.84 


16.10837 - 


163 


3128 3058 1.89 -88.648982 
2988 


1377 
1551 


1464 


1.44 


-44.2365 - 


173 


2240 2154 1.33 -32.850093 
2067 


1128 


1034 


1.02 


-1.82266 • 


220 


3503 3232 1.99 -99.352252 
2960 


1119 
1010 


1065 


1 05 


-4.87685 - 


252 


4208 4149 2.56 -155.92227 
4098 


1222 
1078 


1150 


1.13 


-135005 - 


283 


3330 3197 1.97 -97.193091 
3063 


1059 
1018 


1039 


1.02 


-2.31527 - 


28 


4014 3829 2.36 -13621221 
3644 


1215 
1397 


1306 


129 


-28.67 - 


290 


3701 3542 2.19 -118.50709 
3883 


1314 
1265 


1290 


1.27 


-27.0443 .- 


16-803-174 41 46 0.03 97.1622455 + 
51 


220 
298 


259 


0.26 


74.48276 + 


PC813 


1858 1878 1.16 -15.73103 

1878 

1892 


1065 
1088 
1262 


1138 


1.12 


-12.1511 - 



Example2 

HCVENVAnti^An A^^ay 

40 

Antigen assays were conducted using the HCV Antigen Assay described herein as 
"HCV Antigen Assays." Results from a two step Em antigen assay are shown in Table 4. TTie 
most sensitive assay for detedlon of 380^6 ENV synthetic peptide was a bead coated with 
monoclonal antibodies 16-407-209 and 16«03-174 label. The sensitivity for synthetic peptide 
45 was less than 10 pgmn. 
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TABLE 4 
HCV ENV Antigen Assay 

M6-407-209 Bead- 1fi-fiQ3-l74 1 abel> Mfi-8Q3-174 Bead:1 6-407-209 LahRh 



5 


Specimen 


CPM 


AVG 


S/N 


Result 


CPM 


AVG 


S/N 


Result 




NC 


205 


206 






230 


221 










213 








235 












199 








198 








10 


NC-i-20%NaAc228 


229 


1.11 




256 


256 


1.16 










229 








256 








380436) 


1537 


1470 


7.13 


+ 


746 


709 


3.21 


+ 




(20|ig/ml 


1402 








672 








15 


380^6 


2685 


2575 


12.50 


+ 


646 


660 


2.98 


+ 




(200(19^)1) 


2464 








673 









Examples 

HCV Antibody Test Emotovinn CocWails of Monoctonaf Antibodies 
20 Antigen assays were conducted using the HCV Antigen Assay described herein as 

TICV Antigen Assays." Another variation of this assay used a cocktail of monoclonal antibody 
on the bead (16-407. 16-803, and 16-1291) and a cocktail labei (16-407 and 16-803). It was 
found that one specimen of 36 obtained from the Interstate Blood Bank (designated as 
number 13) showed significant reactivity in this assay. 

25 

Thus, the novel nx>nock>nal antibodies of the ffiventton can be used in a variety of 
ways. These monoctonal antibodies can be used for immunoprecipitation of amplified product 
and detection of HCV nudec add micropartkdes or canier coated with anti-HCV monoctonal 
antibody used to capture virus or viral protein assodated with HCV RN A. Then detection 
30 methodok)gy for RNA may be used. An example of this type of assay is taught in pending U. S. 
patent apfOcafion Serial No. 07/568,663. entitled A METHOD FOR AMPLII^ING AND 
DETECTING A TARGET NUCLEIC ACID SEQUENCE. whk:h enjoys conunon ownership and is 
incoiporated herein by reference. 

35 These monoclonal antibodies also can be used for kx^alization of HCV antigens within 

the cell using HCV monoctonal antibody tagged directly (fhjorescence, coltoidal gold, etc.) or 
using secondary tagged anti-mouse antibody. Histopathotogy of disease may be tracked. 
Further, the detection of native or recombinant HCV antigens in sera, tissue, cells, culture 
media, or body f lukl using individual monoclonal antibodies in a sandwich configuration or a 

40 cocktail of monoctonal antibodies on the solid phase and in the detection system. 

One step antigen assays using monodonal antbodies against non overiapping 
epitopes may also be perfonned. Some monoctonal antibodies may recognize antigento 
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epitopes not recognized by the infected individuai and therefore may be possible to recognize 
senim Ag bctth free and bound with hunnan antbody. Furthermore, "cryptic^' or hidden 
ant^ns or antigenic determinants may be uncovered by treatment of spedmen with 
detergent or reducing agent or both. For example, CORE antigen may exist in a capsid form 
5 covered the virus envelope. Stripping the envelope with detergent should expose CORE 
antigen. Monoclonal antSx>diesnriay also offer pragrnatic advantages over high ti^^^ 
anfixKiy in giving greater sensttivBy in assay or allowing shorter mcubation times. 

Further, antOxxiy immunoassays, one or two step competitive assays, were developed 
1 0 in which anti-HCV competed with labeled anti+ICV monoclonal antibody for binding to a limited 
number of antigenic sites. A more sensitive competitive assay may i3e developed in which 
human anti-HCV binds to HCV Ag in solution blocking or hh2>iting the HCV Ag binding in HCV 
Ag sandwich assay. Competitive assays using monoclonal antixxiies allow a more predse 
mapping of human antbody epitopes and may be useful for detemnining vims neutralizing 
1 5 antibody epitopes. Some monoclonal antibodies may have vbus neutrafizing activity. Rnally, 
monoclonal antibodies should be useful in immunoaffinity purification of native viral and 
recombinant HCV antigens and proteins. 

The hybridoma cell Ones which secrete the monoclonal antbodies of the invention are 
20 identified as hybridoma cell line 16-407*209 (secreting monoclonal antibody 16-407-209) and 
hybridoma cell line 16-803*174 (secreting hybridoma cell One 16-803-174). These hybridoma 
ceil Gnes were deposited at the American Type Culture Collection, 12301 Paridawn Drive, 
RockviDe, Maryland 20852 on tsiovember 16, 1990 and were accorded the following deposit 
numbers: Hybridoma cell line 16-407-209 was accorded A.T.C.C. deposit No. HB 10601 , and 
25 hybridoma cell line 16^803-174 was accorded A.T.C.C. deposit No. HB 10605. 

Other variations of applications of the use of the unique monoclonai antibodies 
provided herein include the detection of HCV antigen in Immune complexes, or latent and/or 
cryptic antigens, and/or associated with viral nucleic acid for detection of the nucleic acid by 
30 PCR. LCR, or t>y direct hybridization. Still other variations and modifications of the specific 
embodiments of the invention as set forth herein will be apparent to those skilled in the art. 
Accordingly, the invention is intended to be limited only in accordance with the appended 
claims. 
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WHAT IS CLAIMED IS: 

1 . A monoctonal antibody which specifically binds to putative HCV envetope 

region. 

5 

2. Ttie monoclonal antitxKJy of claim 1 wherein said monoclonal antibody has the 
bindng specificity of the monoclonal anttoody secreted by hybridoma c»ll line HB 10601. 

3. The monoclonal antaxxiy of clakn 1 wherein said monoclonal antibody has the 
1 0 binding specificity of the monoclonal antaxxly secreted by hybridoma cell line HB 10605. 

4. A monoclonal anttoody secreted by A.T.C.C. deposit No. HB 10601. 

5. A monoclonal artlxxly secreted by A.T.C.C. deposit No. HB 10605. 

15 

6. A hybridoma ceH One which secretes a monoclonal antSMdy which specifically 
binds to putative HCV envelope region. 

7. The hybridoma cell line of claims having the idemifying characteristics of 
20 hybridoma cell line A.T.C.C. deposit No. HB 1 0601 . 

8. The hybridoma cell fine of claim 6 having the identifying characteristics of 
hybridoma cell line A.T.C.C. deposit No. HB 10605. 

25 9. A hybridoma cen line A.T.C.C. deposit No. HB 10601. 

10. A hybridoma cell line A.T.C.C. deposit No. HB 10605. 

11. A method for detenn'ning the presence of HCV in a test sample which may 
30 contain HCV, comprising: 

a. contacting the test sample with at least an anli-HCV envelope region 
antibody attached to a solid phase which antibody specifically binds to HCV envelope region, to 
fomn a mixture: 

b. incubating said ntixture tor a time and under conditions sufficient to 

35 form antigen/antibody complexes: 

c. contacting said complexes with an indicator reagent comprising a 
si^l generating compound capable of generating a measurable detectable signal attached to 
an anti-HCV envelope region antbody, to form a second mixture: 
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d. incubating said second mixture for a time and under conditions 
sufficient to forni antitxxly/ant^en/antitxidy complexes: and 

e. determining the presence of HCV in the test sample by detecting the 
n»asuratde signal generated. 

5 

1 2. The method of daim 1 1 wherein the amount of HCV present in the test sample 
is proportional to said measurable signal. 

13. The method of daim 12 wherein the signal generating compound is selected 
10 from the group consisting of a luminescent compound, a chemiiuminescent compound, an 

enzyme and a radioactive element 

14. The method of daim 13 wherein said enzyme is selected from the group 
consisting of horseracfish peroxidase, alkaline phosphatase and beta-galactosidase. 

15 

15. The method of daim 14 wherein said en^me is horseradsh peroxidase. 

16. The method of daim 11 wherein the anS-HCV antibody attadwd to the solid 
phase is a poiyclonal antibody. 

20 

17. Tlw method of daim 11 wherein said anti-HCV envelope region antibody 
attached to the solid phase is a monoclonai antibody. 

18. The method of daim 17 wherein said monoclonal antibocty has the binding 
25 specTicity of the monodonal antibody secreted by the hybridoma A.T.C.C. deposi No. HB 

10601. 

19. The method of daim 17 wherein saM monoclonal antaxKiy has the binefing 
specificity of the monoclonai antibody secreted by the hybridoma A.T,C.C. deposit Mo. HB 

30 10605. 

20. The method of daim 1 1 wherein said indicator reagent conqxises a signal 
generating compound attached to a polydonat antibody. 

35 21 . Tlie method of daim 1 1 wherein said indicator reagent comprises a signal 

generating con^und attached to a monoclonal antibody. 
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22. The method of daim 21 wherein said monodonal antSxxJy has the t}inding 
spectfk% of the monoclonal amS)ody secreted by the t^bridoma ceU Hne A.T.C.C. deposit No. 
HB 10601. 



5 23. The method of Claim 21 wherein said mcHioclonal antibody has the bincBng 

specificity of the monoclonal antibody secreted by the hybridoma ceU One A.T.C.C. deposft No. 
HB 10605. 

24. A method for detennining the presence and amount Of HCVwMch may be 
10 present in a test sample, comprisbig: 

a. contacting a test sample wtti a polyclonal or monodonal artti-HCV 
envelope region antaxKiy attached to a solid phase and an indicsttor reagent oonqvising a 
monoclonal or polydonal antixxJy wMch specHlcaliy binds to HCV envelope region attached to 
a signal generatbig compound, to form a mixture: 
15 b. bicttf)atftig said mixture for a time and urKterconcfitions sufficient to 

fomn antibocfy/antigen/antbody complexes; 

c. detennining the presence of HCV present in the test sample by 
detecting the rneasurable signal as an indcation of the presence of HCV In the test sarnple. 

20 25. Themethodof daim 24 wherein the amount of HCV present in the test sample 

Is proportional to the measurable signal generated. 



26. The method of daim 24 wherein said monodonal anta)ody has the bincfing 
specSidty of the monodonal antibody secreted by the hybridoma ceU fine A.T.G.C. deposit No. 
25 HB 10601. 



27. The method of claim 24 wherein s£rid monodonal antaaody has the binding 
specif ieity of the monoclonal antibody secreted by the hybridoma ceH fine A.T.C.C. deposit No. 
HB 10605. 

30 

28. A competitive assay method for detennining the presence arid amount of HCV 
antibody which may be present in a test sample, oompris^: 

a contacting a test sample suspected of comaining HCV antS)odies with 
a solid phase coated with HCV envelope proteins and an indicator reagent comprising a s^nal 
35 generating compound and a monodonal antBxxfy which specifically binds to HCV envelope 
proteins, for a time and under concfitions sufficient to f omi antigen/ant body complexes of the 
test sample and solid phase and/br indicator reagent and soDd phase: 
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b. determining the presence of HCV antibody present In the test sanq)le 
be detecting the reduction in binding of the indicator reagent to the solid phase as corr^ed to 
the signal generated from a negative test sample to indicate the presence of HCV antitxxly in 
the test sample 

29. The method of claim 28 wherein said monoclonal antBxxly has the binding 
speciBcity of the monoclonai antfeody secreted by the hybridoma cell line A.T.C.C. deposit No. 
HB 10601. 



"^^ 30. The method of claim 28 wfheiein said monoclonai antixxiy has the binding 

specTicily of the monodonal antBxKiy secreted by the hybridoma ceU Sne A.T.C.C. deposit No. 
HB 10605. 

31 . The method of claim 28 wherein the signal generating compound is selected 
1 5 from the group consisting of a luminescent compound, a chem'iuminescent con^nd, an 

enzyme and a radioactive element. 

32. The method of claim 31 wherein said enzyme is selected from the group 
oonslsthg of horseradish peroxidase. aD<aIine phosphatase and beta-gaiactosidase. 



20 



33. The method of daim 32 wherein said enzyme is horseradish peroxidase. 



34. An assay kit for determining the presence of HCV in a test sample comprising: 
a container containing at least one monoclonai antl)Ody which specTcally 

25 binds to putative HCV envelope region. 

35. The assay kit of daim 34 wherein said monoclonal antSxxly has the binding 
spec9k% of the monodonal anttoody secreted by the cell line A.T.C.C. deposit No. HB 106O1 . 

30 36. The assay kit of daim 34 wherein said monodonal antaxxJy has the binding 

specincity of the monodonal antibody secreted by the cell line A.T.C.C. deposit No. HB 10605. 
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FIG. 6 




FIG. 7 
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FIG. 12 
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FIGURE 14 

p380 
(380436) 

-Gly.Val-Asp.Ala-Glu-Thr.His-Val.Thr.Glu-Gly- 
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